Growth-factor-dependent mitogenesis requires two distinct phases of signalling.
Prolonged and continuous exposure to growth factors is required to commit cells to the cell cycle. Here we show that the prolonged requirement for growth factor can be replaced with two short pulses of mitogen. The first pulse of growth factor moves the cell through the initial segment of the G0 to S interval. This initial pulse also makes cells responsive to a second pulse of growth factor, which engages components of the cell-cycle machinery necessary for progression into S phase. We also show that activation of MAP kinase kinase (MEK) and induction of the transcription factor c-Myc are sufficient to drive the first, but not the second, phase of signalling. Furthermore, synthetic phosphatidylinositol-3-OH kinase (PI(3)K) lipid products are sufficient to drive the second phase of signalling, but not the first. These findings suggest that there is a common signalling cascade by which mitogens drive arrested cells into the cell cycle, and that this cascade involves the temporally coordinated input of MEK, c-Myc and PI(3)K.